Solution-diffusion and dual-mode sorption models are commonly used as transportation models for the characterization of the gas permeation through a polymer film [1] [2] [3] . The solution-diffusion model depicts mathematically two processes of a gas permeating through a rubbery film: gas sorption and desorption processes happening at the two interfaces of the film; and gas diffusion process within the film [4, 5] .They are represented by Henry's law and Fick's second law of diffusion (Eq.(1)), respectively. 
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In Equation (1), C is the concentration in Henry's sites (the only available sites), D is the diffusivity of gas molecules within the membrane, t is the transport time and x is the transport distance. Dual-mode sorption augments the solutiondiffusion model with a Langmuir adsorption process, which is a process where gas molecules occupy so called "Langmuir's sites", which can be described as relaxed volumes resulting from glassy polymer chain movement during the diffusion process [1, 3, 6, 7] . In addition to the characteristic diffusion process through the membrane, there is a gas molecule exchange between Henry's and Langmuir's sites to establish equilibrium concentration between gas molecule populations [8] . The extension of the solution-diffusion model made it possible to describe mathematically the nonlinear behaviour of gas transport through a glassy polymer. However, the dual-mode sorption model is in some cases a simplification of the underlying process due to two main assumptions: (1) equilibrium between Henry's and Langmuir's sites is established instantaneously, and (2) gas molecules trapped into the Langmuir's sites are completely immobile [1, 3, [6] [7] [8] [9] . Although these simplifications made the problem-solving easier, they sometimes over-approximate the complexity of the actual gas transportation behaviour.
Partial immobilization model and non-instantaneous equilibrium model are complex transportation models established based on the solution-diffusion and dual-mode sorption models [1, 3, 8, 9] . In this paper, a model combining the two models is considered where two key parameters are added into the dual-mode sorption model:
where Cm, the concentration participating in the diffusion process, is an addition of gas concentration in Henry's sites (CD) and the concentration of the mobile Langmuir sites (FCH) and F, the partial immobilization factor, is the ratio of the amount of mobile gas molecules in Langmuir's sites having the same diffusivity as the gas molecules in Henry's sites and the amount of immobile gas molecules in Langmuir's sites; (2) a non-instantaneous equilibrium factor (kad) in Eq.(2). The non-instantaneous equilibrium factor (kad) is the adsorption rate constant. Together with the hole affinity constant b in dualmode sorption, it represents the rate at which the equilibrium between Henry's and Langmuir's site concentrations is established. The new model is represented by transportation Equations (3) and (4). is the gas molecule transfer rate between Henry's sites and Langmuir's sites and the value is related to kad and b. The new model is a better representation of some actual gas permeation process through a glassy polymer film [10, 11] . Currently, there is no analytical solution for this more complex model such that it needs to be solved numerically.
In the paper, the discussion on the new model will be focussed on seven special combinations of F and kad. The simulated upstream and downstream time lags are presented in Figure 1 Figure 1 ); (6) kad> 0, 0 <F< 1: Non-instantaneous equilibrium and partial immobilization model (⑨ in Figure 1 ); (7) kad> 0, F = 1: Non-instantaneous equilibrium and complete mobilization model (④ in Figure 1 ). The specific features of these cases will be discussed in details based on their permeation mechanisms, pressure accumulation, and both the upstream and downstream dynamic time lag curves. 
